Improved Thyroxine Radioimmunoassay,for Filter Paper Discs Saturated with Dried Blood
Marvin L. Mitchell I describe an improved procedure for estimating thyroxine in dried blood on 0.32-cm filter paper discs, by radioimmunoassay. A weak anion-exchange resin is used to separate free and antibody-bound radiothyroxine and, by measuring the resin-bound '251-labeled thyroxine rather than the supernatant radioactivity, a tedious and cumbersome step is eliminated. The unique properties of the resin permit considerable latitude in the experimental conditions, in contrast with charcoal, without compromising sensitivity or precision. There is excellent correlation between thyroxine values obtained from discs and those of the corresponding plasmas. Application of this procedure for largescale screening of newborns has proved to be highly successful in identifying thyroid insufficiency in several babies before clinical signs were apparent.
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Measurement of minute amounts of thyroxine in dried blood on discs of filter paper by radioimmunoassay has provided a reliable means of screening for hypothyroidism early in the neonatal period. A double-antibody procedure, the first to be introduced for this (1), was followed by a solid-phase method in which dextran-coated charcoal was used in the separation of free and bound radiothyroxine (2) . Although the latter has proved to be a valuable procedure it is not without problems when applied to the processing of large numbers ofspecimensdaily. For example, charcoal has such highaffinity forradiothyroxine that5 mm is the maximum interval allotted forthe completionofthe additionof the charcoal solution, and equilibration must be done at 4 #{176}C to prevent variations in binding as a consequence of slight differences in reaction times or changes in ambient temperature. These constraints may not always be conveniently met, especially in unforeseen situations such as laboratory accidents, instrument malfunction, or power failure. Another disadvantage of the procedure is the cumbersome and tedious step in which a fixed volume of supernate is transferred to othertubesfor radioactivity counting. Because most of the problems stemmed from the use of charcoal, a reasonable first step was to replace it with a material less likely to be influenced by minor changes in experimental conditions. Data derived from earlier studies (3) suggested that a weak anion-exchange resin might be an appropriate substitute. Corp., Burlington, Mass. 01803).
Materials and Methods

Reagents
Antiserum to thyroxine.1
Raised in rabbits against bovine thyroglobulin.
Equipment
Gamma counter: Radiothyroxine was counted in a Model 1195Z automatic counter connected to a radioimmunoassay calculator, which printed out the standard curves and computed the concentrations of thyroxine in the unknown specimens of dried-blood on filter paper (Searle Analytic, Inc., Des Plaines, Ill. 60018).
Sorvall RC-3 refrigerated centrifuge (Du Pont Co., Instruments, Div., Wilmington, Del. 19898) with a rotor designed to spin two trays containing a total of 144 test tubes.
Oxford pipetter
(Scientific Products, Bedford, Mass. 01773). Amberlite anion-exchange resin IRP-58M, 6 g in 500 ml of de-ionized water, was thoroughly dispersed, and 500 ml of the gelatin solution was slowly added. The mixture was stored at 4 #{176}C between use, and because the resin tended to clump in the cold, vigorous stirring was required before and during its addition to the tubes.
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Standards
Thyroxine standards were prepared by enriching heparinized blood from hypothyroid patients with various amounts of stable thyroxine and saturating filter paper with aliquots of the blood (2) . After drying overnight in air, the papers were placed in polyethylene bags and stored at 4 #{176}C for several months.
More recently, heparmnized blood from horses has been found to be an excellent substitute for the human blood because of its low thyroxine content (less than 20 zg/ liter of plasma).
Procedure
The method on which this procedure was modeled has been described in detail elsewhere (2); thus only the outline and my modifications are mentioned. Dried-blood on filter paper discs-standards, quality controls, and unknowns-were punched in duplicate from the The racks of tubes were shaken briefly by hand, covered, inspected to make certain that the paper discs were submerged, and then placed in a refrigerator overnight at 4 #{176}C. The following morning, after the racks of tubes had been inspected and shaken briefly, 1.0 ml of the resin/gelatin solution was delivered into each tube with an Oxford pipettor, preset to the desired volume. Ordinarily the resin solution was added to 144 test tubes comprising standards, quality controls, and unknowns. (This step seldom exceeded 3 mm, and deliberately extending the interval to 10 mm did not affect the results.) The racks of tubes were then shaken briefly by hand, covered, and placed in a refrigerator (4 #{176}C) for 1 h.2 After this, they were centrifuged (in sets of 144 tubes) at 4 #{176}C for 15 mm at 2100rpm. The trays of tubes were removed and the supernates were discarded by inverting the racks (which were designed to retain the inverted tubes) over an appropriate receptacle. The few drops remaining on the mouths of the test tubes were removed by blotting the tubes, with a slight rocking motion, on paper towels, a step that resulted in the final removal of about 99% of the unadsorbed radioactivity but did not disturb the resin, which adhered to the bottom of the tube. The tubes were transferred to the gamma counter, which calculated and printed out the values for standards, quality controls, and unknowns. 2 Recently we have shortened the equilibration period to 30 mm, with equally satisfactory results.
Results and Discussion
Characteristically, the standard curve (Figure 1 ) was linear at the lower thyroxine concentrations because of high antibody dilution, which thereby provided maximum sensitivity in the range most useful when screening for hypothyroidism.
At greater concentrations of thyroxine, the antibody was soon saturated, resulting in a loss of linearity, and it was impossible to quantify such thyroxine values with accuracy. Therefore I did not attempt to derive a normal distribution curve. Higher thyroxine concentrations can be made to give a linear response by simply lowering the antibody titer, but if this is done sensitivity at the lower range is lost. Because it may not always be possible to perform this procedure at a constant 4 #{176}C, I prepared a series of standard curves, with use of different temperatures both for the overnight elution of the dried filter paper discs and for the reaction of the resin within the tubes: overnight elution at 22 #{176}C, resin equilibration at 22 #{176}C for 30 mm; overnight elution at 22 #{176}C, resin equilibration at 4 #{176}C for 1 h; and overnight elution at 4 #{176}C, resin equilibration at 22 #{176}C for 30 mm. Satisfactory curves were obtained in all these instances (Figure 2 ).
Not only is there greater flexibility with respect to temperature but there is also more latitude in the conditions under which the resin may be used. I demonstrated this by using two setsof standards,which had been processed together and treatedsimilarly exceptthatthe resinwas allowedtoequilibrate 10 mm longer in one set than in the other. Despite this, the two curves were almost identical, confirming the relative lack of effect brought about by modest differences in reaction times of the resin solution at 4 #{176}C. However, should equilibration at room temperature be necessary, the reaction time should be limited to 30 mm because of the increased activity of the resin at higher temperatures.
The advantage of counting the resin-bound radioactivity (i.e., the free radiolabeled thyroxine) rather than the antibody-bound radiothyroxine in the supernatant solution is evident: a transfer of multiple samples is eliminated. However, this savings in time and effort would be lost if it were necessary to wash the resin because of some retained supernatant radioactivity.
That this was not the case is shown by the results in Table 1 , which demonstrate that counts for resin-bound radioactivity were essentially the same before and after washing with buffer solution.
The modifications introduced here, although simplifying the basic procedure, have in no way compromised the sensitivity of the method or the reliability of the results. The coefficient of variation, within assay and between assays, has been determined over a three-month period and remains about 8%, a value similar to that reported when charcoal was used (2) . Moreover,the reliability of the procedureinestimating thyroxine was evident when values obtained from the filter paper discs were compared with values obtained from the corresponding wet plasmas. With the exception of some higher values, there was an unusually close agreement between the two sets of determinations, as reflected in a correlation coefficient of 0.95.
The method outlined here seems to be a reliable and simple approach to large-volume screening of thyroxine in dried blood on filter paper. Since January 1976, specimens from 40000 newborns have been analyzed by this procedure and six hypothyroid infants (documented by above-normal thyrotropin values)3 were identified before the clinical diagnosis was apparent. 
